A small plasmid of 4.4 kb encoding resistance to streptomycin (Sm') was detected in a multiresistant Staphylococcus hyicus culture from a piglet with exudative epidermitis. The plasmid-encoded properties were determined by interspecies protoplast transformation experiments. This plasmid was further characterised by restriction endonuclease analysis and a preliminary restriction map was constructed. The plasmid from S. hyicus that conferred streptomycin resistance was designated as pSAI-1. It showed some structural homology with the streptomycin-chloramphenicol resistance plasmid pSK68 from S. aureus of human origin. The MIC of streptomycin in resistance mediated by pSAI-1 was about 10 times higher than the MICs in resistance mediated by Smr plasmids from human S. aureus strains.
Introduction
Staphylococcus hyicus causes porcine exudative epidermitis, an economically important disease which preferentially strikes suckling piglets. 9 Skin lesions are the predominant symptoms of this infection. However, kidneys, liver, central nervous system and joints may also be affected. Control of this infection has been attempted mainly with antibiotiw2 This might have led to the relatively high incidence of antibiotic resistance amongst S . hyicus strain^.^ Recently, we demonstrated that plasmids played an important role in the antibiotic resistance of S. h~i c u s .~ The 3-95-kb plasmid pSC 2, mediating chloramphenicol resistance (Cmr),' and the 4.55-kb plasmid pST 1, encoding tetracycline resistance (Tet'),6 both from porcine S. hyicus cultures, were isolated and further characterised by restriction endonuclease analysis.
We now report the isolation and characterisation of a small S . hyicus plasmid encoding resistance to streptomycin (Smr). The Sm' plasmid was then compared with resistance plasmids of other staphylococcal species isolated from infections of man and animals.
Material and methods

Bacterial cultures
A multiresistant S. hyicus strain isolated from a piglet Received 30 Sep. 1989; revised version accepted 10 Jan. 1990.
with exudative epidermitis was used. It was identified according to the methods of S~hleifer.~
Ant ibiograms
The antimicrobial resistance patterns of the original S. hyicus strain and the pSAI-1 transformants were determined by the agar diffusion method' with the following disks: ampicillin 25 pg, chloramphenicol 30 pg, clindamycin 10 pg, doxycycline 30 pg, erythromycin 15 pg, kanamycin 30 pg, streptomycin 10 pg, sulphamethoxazole 23.75 pg + trimethoprim 1.25 pg, and tetracycline 30 pg. The antibiograms were determined after incubation for 18-24 h at 37OC.'
Plasmid isolation and gel electrophoresis
Plasmids were isolated by a modification of the alkaline lysis procedure' and subjected to electrophoresis in agarose 0.7-1.5% w/v gels.' After staining the gels with ethidium bromide (Boehringer, Mannheim, FRG) 10 pg/ ml, plasmid DNA was visualised by exposure to UV light and photographed (film 667; Polaroid, St Albans, Herts).
Plasmid transformation
Protoplast transformation experiments were performed according to the method of Chang and Cohen.' S. aureus RN 4220, a derivative of S. aureus RN 8325-4,' was chosen as the recipient because it was susceptible to all antimicrobial agents tested and did not carry any plasmid. After transformation, protoplasts were inoculated on to DM3 regeneration plates' and grown for 48-72 h at 37°C. Then the cultures were replica-plated on IP: 54.70.40.11
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Restriction endonuclease digests
Plasmid DNA was treated with 5 units each of the restriction endonucleases BamHI, BstEII, CfoI, CZaI, EcoRI, Hpa 11, HindIII, Hinff, MboI and Tag1 (Boehringer). l o The plasmid fragments were analysed in agarose 0.7-2.0 w/v gels' or polyacrylamide 7.5% w/v gels,' according to their sizes. The sizes of the linearised plasmids and the respective plasmid fragments were estimated on the basis of logarithmic plots against cleaved pB 1 /Adv I-DNA. ' *
Determination of MIC of streptomycin
Single colonies of the original S. hyicus culture, a pSAI-1 S. aureus transformant and the untransformed S. aureus RN 4220 were grown overnight in 2 ml of Brain Heart Infusion Broth (BHI; Merck, Darmstadt, FRG) and 50 pl (approximately 5 x lo7 cfn) of each of these cultures were inoculated into 2-ml volumes of BHI containing serial concentrations of streptomycin (lO-mg/L steps from 0 to 200 mg/L; 50 mg/L steps from 200 mg/L to 2 g/ L) and grown for 18 h on a rotary shaker. Growth of the staphylococci was determined also by photometric measurements of the turbidity at OD,oo. The MIC was recorded as the concentration of streptomycin in the first tube in the series that inhibited visible growth.I3
Results
The S. hyicus strain was resistant to chloramphenicol, clindamycin, erythromycin, streptomycin and tetracycline. It contained four small plasmids up to 4.55 kb. Of these, one had been identified previously to encode resistance to chloramphenicol (Cm')' and another to encode resistance to tetracyclines (Tet').6 This study focussed on a third plasmid that specified streptomycin resistance (Sm'). This plasmid function was confirmed by interspecific protoplast transformation of the entire plasmid content of the multiresistant S. hyicus strain into a streptomycin-sensitive and plasmidfree S. aureus recipient strain. The resulting Sm' clones carried a small Sm' plasmid, which was designated pSAI-1. 
Discussion
Streptomycin resistance in staphylococci may be encoded either chromosomally or by plasmids. Chromosomal resistance occurs more frequently, being associated with mutations in the genes encoding ribosomal proteins. l4 Binding of streptomycin to these altered ribosomal proteins is decreased. Carriage of chromosomal Sm' is associated with high MICs (> 10 g/L). In contrast, plasmidmediated Sm' appears to be of a low-level resistance type with MICs <100mg/L. In S. aureus, three different classes of Sm' plasmids were distinguished (table). The first was represented by large plasmids of 17-51 kb which encoded not only Sm', but also However, no further analysis was reported. The Sm' plasmid from S. hyicus used in our studies was identified by interspecies protoplast transforma-tion. This experimental approach produced clones that carried only the pSAI-1 Sm' plasmid and allowed more detailed analyses. The pSAI-1 plasmid from S. hyicus conferred on the transformants Sm' with a significantly higher streptomycin MIC than that conferred by the Sm' plasmids from S. aureus. Plasmid pSAI-1 was also characterised by restriction endonuclease digests. Single digests were used to determine the numbers of cleavage sites for the different restriction enzymes and the sizes of the resultant plasmid fragments. Double digests with restriction endonucleases led to the construction of a restriction map of pSAI-1. Although detailed restriction maps of other staphylococcal Sm' plasmids were not available, certain unex- pected similarities were apparent between pSAI-1, pSC 2 (a Cm' plasmid from S. hyicus)' and the Cm'-Sm' plasmid pSK 68 isolated from human S. aureus strains in Australia ( fig. 3 ). The pSK 68 plasmid belonged to the class I1 Sm' plasmids and had a replication region (REP) similar to those of pSAI-1 and pSC 2, both from porcine S. hyicus strains isolated in Germany. Furthermore, the CAT region in pSK 68, containing the genetic information for one monomer of the enzyme chloramphenicol acetyltransferase, was also homologous with the respective region in pSC 2. On the basis of their REP/CAT regions, both plasmids had been classified as belonging to the pC 221 family of Cm' plasm id^.^*^^ Plasmids pSAI-1 and pSK 68 also shared a region of about 1200 bp, probably involved in streptomycin resistance. In pSAI-1 this region differed from the REP region. In pSK 68 it was obviously involved in neither replication functions nor chloramphenicol resistance. The region, characterised by MboI, EcoRI and HindIII cleavage sites, also corresponded well to those mapped in the Cm'-Sm' plasmid pSA 210019 and in the Sm' plasmid pSA 0501. l9 Moreover, this region was not detectable in the restriction maps of other small plasmids encoding resistance to chloramphenicol, tetracyclines6. 23 or macrolides/lincosamides. 249 25 The restriction maps of plasmids pSAI-1, pSC 2 and pSK 68 suggested that Cm'-Sm' plasmids, such as pSK 68, were co-integrates between small Sm' and small Cm' plasmids.14 In this connection a recombination site upstream of the REP gene as well as the CAT terminator were found to be involved in recombination events between the pC 221 Cm' plasmids and other staphylococcal plasmids. 22 This recombination site and the CAT terminator possibly also played a role in the formation of Cm'-Sm' plasmids.
Our findings revealed surprising structural similarities between plasmids encoding the same phenotypic markers in different staphylococcal species from different host species in different parts of the world. These results strongly suggest an exchange of resistance determinants. The transfer of small plasmids between different staphylococcal species by transducing phages has already been demonstrated for the S. aureus Tet' plasmid pT 181.14 Structural similarities between small Cm' and Tet' On: Tue, 11 Dec 2018 10:59:27 SMR PLASMID IN S. HYICUS 205 plasmids from porcine S . hyicus and their respective counterparts from human S. aureus strains have also been shown previously5~ and further suggest that there has been a much higher frequency of plasmid exchange between staphylococci from man
